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Intracavitary Chemotherapy for Malignant Disease

Confined to Body Cavities A
MAURIE MARKMAN, MD, San Diego

The direct administration of cytotoxic chemotherapeutic agents into the peritoneal or pleural cavi-
ties to treat malignant disease principally involving these regions is based on modeling studies
suggesting a majorpharmacokinetic advantage for the exposed cavity compared with the plasma.
The safety and clinical efficacy of several agents administered directly into body cavities either
singly or in combination have now been shown. Additional studies are needed to define optimal
drugs, dosages and treatment schedules for the various tumors confined to body cavities. Whether
this form of therapy will prove to be superior to standard systemic drug administration will require
controlled clinical trials comparing the two treatmentmethods.
(Markman M: Intracavitary chemotherapy for malignant disease confined to body cavities [Med-
icaliProgress]. West J Med 1985 Mar; 142:364-368)

ile the systemic administration of chemotherapeutic
agents will result in satisfactory delivery of drug to

well-vascularized regions of the body, there is legitimate con-
cern that this approach to the delivery of cytotoxic therapy
might not be optimal for tumors confined to body cavities. To
improve the efficacy of therapy for malignant disease in the
pleural and peritoneal cavities, investigators have attempted
to administer drugs directly into the region being treated.
While intracavitary chemotherapy has frequently been used
as a method to produce sclerosis and prevent reaccumulation
of malignant effusions, recent modeling studies have sug-
gested that this might be an excellent approach to the delivery
of drugs administered for their cytotoxic properties.I Fol-
lowing a brief discussion of sclerosing therapy, I will high-
light some of the major principles of intracavitary chemo-
therapy and will conclude with examples of the potential
utility of this modality in patients with malignant disease
principally confined to body cavities.

Intracavitary Chemotherapy Administered for Its
Sclerosing Properties

The administration of chemotherapeutic agents directly
into body cavities is not a new concept. In the early days ofthe
medical use of alkylating agents, mechlorethamine hydro-
chloride, a nitrogen mustard, was instilled into the perito-
neum of patients with malignant ascites in an effort to kill
tumor and prevent fluid accumulation.2 Initial reports sug-
gested significant reductions in the rate of ascites formation

following treatment with mechlorethamine, hemisulfur mus-
tard and thiotepa administered by the intracavitary route.24
While the investigators involved in these early studies sug-
gested that the alkylating agents were directly cytotoxic to
cancer cells, there was little evidence of shrinkage of any
mass lesion, and it is much more likely that the drugs were
acting as sclerosing agents. Pain was often severe in patients
receiving intracavitary chemotherapy and, as a result, this
form of therapy became reserved for patients with recurrent
pleural effusions and intractable ascites.

Several chemotherapeutic agents have shown major utility
in controlling malignant effusions. While mechlorethamine is
used less often today because ofthe pain it produces, the agent
is effective in controlling the reaccumulation of pleural effu-
sions in as many as 40% of patients treated.5 6 The use of
bleomycin sulfate has produced complete and partial response
rates in controlling pleural effusions of60% 7-8 Patients with
effusions due to breast carcinoma appear to respond more
favorably than patients with lung cancer. The agent is less
effective in preventing the reaccumulation of ascitic fluid.
Local pain and fever are the most frequently reported side
effects. Several different dose schedules of bleomycin have
been effective in inducing sclerosis, with the optimal dose
being 60 units in 100 ml of saline.8

Doxorubicin hydrochloride has also been a useful agent in
inducing sclerosis in the pleural and peritoneal cavities and in
preventing fluid reaccumulation.5 In one study, 12 of 15 pa-
tients (80%) with effusions responded to the intracavitary
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ABBREVIATIONS USED IN TEXT
NCI = National Cancer Institute
UCSD=University of California, San Diego

administration of doxorubicin, with three patients having
complete clearance of fluid for a minimum of two months.
The dose of doxorubicin administered in this study was 30 mg
in 25 ml ofnormal saline.

While the optimal management of malignant effusions and
ascites has not been clearly defined, the administration of
several chemotherapeutic agents or tetracycline9 directly into
the body cavity to be treated has been at least partially effec-
tive palliation in about 50% to 60% of patients treated. 10 The
major toxic effect is usually local pain. This can frequently be
decreased by the simultaneous administration of lidocaine
along with the sclerosing therapy. Drainage of as much fluid
as possible before instilling the drug is an important principle
in assuring the best possible result of therapy and chest tube
drainage both before and after the administration of chemo-
therapy is frequently done.

Effective treatment regimens for sclerosis ofbody cavities
use high concentrations of drug in small treatment volumes.
This contrasts sharply with the basic principles of intracavi-
tary therapy for the delivery of chemotherapeutic agents ad-
ministered for their cytotoxic properties, as will be discussed
further.

Principles of Intracavitary Chemotherapy
Administration

The first and one of the most important steps in the ability
ofa chemotherapeutic agent to kill a malignant cell is delivery
of the drug to the tumor in the highest concentration possible.
As previously mentioned, drugs administered systemically
have access to well-vascularized organs such as the bone
marrow or gut. Because of longer diffusional distances, how-
ever, it is likely that chemotherapeutic agents given intrave-
nously will have much lower penetration into extravascular
cavities, such as the pleural space, peritoneal cavity and cen-
tral nervous system. From theoretic modeling a major pos-
sible pharmacokinetic advantage has been suggested for
drugs administered directly into body cavities.1 While the
details of such mathematical modeling studies are beyond the
scope of this review, the basic principles they define are
important to understand the rationale behind direct intracavi-
tary administration ofchemotherapeutic agents (Figure 1).

When a drug is infused into an extravascular cavity, the
steady-state concentration in the cavity and plasma is a func-
tion of the rate ofclearance from the cavity and plasma. For
drugs that demonstrate low clearance from the cavity and high
systemic clearance, there will be a pharmacokinetic advan-
tage for the cavity into which the drug has been instilled
compared with the systemic circulation.1 Important determi-
nants of clearance include the molecular weight of the drug,
its charge, lipid solubility and the volume of fluid in which the
drug is administered.11 A drug with a low clearance from a
body cavity would be one that has a high molecular weight, is
ionized and water soluble and is administered in a large treat-
ment volume.
A second important issue relates to the metabolism of the

administered drug. Molecules the size of chemotherapeutic
agents are principally taken up in the portal circulation when

instilled in the peritoneal cavity.12-14 Thus, a drug adminis-
tered intraperitoneally that is hepatically metabolized might
show a major pharmacokinetic advantage when administered
by this route if it can be converted into a nontoxic metabolite
before entering the systemic circulation.
A third principle for the successful application of intra-

cavitary chemotherapy is the importance of treatment vol-
ume. 15-'1 When drugs are delivered for their sclerosing
properties, high concentrations are administered in small vol-
umes. To prevent sclerosis and insure adequate exposure of
drug to all tumor in the cavity, it is important to deliver the
treatment in large volumes. In animals"8 and in several clin-
ical trials,9,20 the importance of treatment volume in over-
coming the problems of drug distribution during
intraperitoneal chemotherapy has been convincingly shown.
This is a particularly important issue in many patients with
intra-abdominal malignant lesions, as extensive adhesion for-
mation induced by a prior surgical procedure or the tumor
itself can possibly prevent access of drug to the entire abdom-
inal cavity.

An additional question concerning the applicability of in-
tracavitary chemotherapy is that of drug penetration. Little is
known about the ability of most chemotherapeutic agents to
penetrate into solid tumors.21'22 Because of its intrinsic fluo-
rescence, Ozols and co-workers were able to examine the
penetrability of doxorubicin in a transplantable murine
ovarian teratoma.23 Whereas doxorubicin was found in only
the outermost five to six cell layers of tumor when adminis-
tered by the intraperitoneal route, this form of treatment was
successful in curing 70% ofthe mice treated. When mice with
this tumor were similarly treated with a regimen of intrave-
nously administered doxorubicin, there were no long-term
survivors. 4

Theoretically, the intracavitary form of therapy will be
most effective against free-floating tumor cells or thin tumor
nodules. Free surface diffusion is unlikely to kill a large frac-
tion of tumor in cases of advanced disease where large tumor
masses are present. However, ifdrugs are used at or near their
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Figure 1.-Diagrammatic presentation of the basic principles of intra-
cavitary chemotherapy. A drug administered via the intracavitary
route will be absorbed into the systemic circulation at a rate deter-
mined by its physical and chemical characteristics. Drugs adminis-
tered intraperitoneally can be metabolized in the liver into a nontoxic
form before entering the systemic circulation. Finally, this treatment
approach allows for the use of systemically delivered neutralizing
agents to further enhance the pharmacokinetic advantage (see text).
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maximum tolerated doses, then the combination of drug de-
livery by capillary flow (from drug absorbed into the systemic
circulation) and free surface diffusion may still be more effec-
tive than intravenous dosing alone.

Finally, the large concentration differences achieved be-
tween the body cavity and plasma present the opportunity to
make use of neutralizing agents delivered into the systemic
circulation to reduce toxicity, while allowing high levels of
drug to be present in the cavity treated. Two examples of this
technique that have been clinically useful are the use of sys-
temically delivered folinic acid2526 and sodium thiosul-
fate202' administered to neutralize the toxicities of metho-
trexate and cisplatin, respectively. Results of clinical trials
using these two neutralizing agents will be discussed in the
following section.

Mention should also be made of the practical difficulties
associated with intracavitary chemotherapy. Drug escaping
from the body cavity can cause systemic side effects. In fact,
ifno local toxic reaction is encountered, dose-limiting toxicity
will be similar to that seen when the agent is administered
systemically. However, certain drugs might be quite irri-
tating to the serosal surfaces and lead to pain and fever (chem-
ical peritonitis or pleuritis), which must be distinguished
from infectious causes. In addition, inflammation induced by
the chemotherapeutic agent might result in adhesion forma-
tion, which can interfere with drug distribution and lead to
bowel obstruction or loss ofpulmonary function.

The delivery of drugs into body cavities requires a safe
delivery system. Patients with a large volume of ascites or
pleural effusions can be treated by the percutaneous place-
ment of catheters specifically used to deliver the treatment.
However, patients without such fluid or those responding to
therapy with a decrease in malignant effusions require the
surgical placement of semipermanent indwelling catheters to
administer the treatment volume. There is significant experi-
ence in the safe use of such systems in patients requiring
peritoneal dialysis, and similar devices have been adapted for
use in patients being treated with intracavitary chemotherapy.
Unfortunately, with indwelling catheters there is the risk of
contamination of the system with the administration of
therapy or with manipulation to drain fluid or inject heparin.

Single-Agent Intracavitary Chemotherapy
5-Fluorouracil has been evaluated for its safety and utility

when administered by the intraperitoneal route. 14.28.29 In a
clinical trial conducted at the National Cancer Institute
(NCI), ten patients with refractory malignant tumors were
treated with concentrations of 5-fluorouracil from 5 ,umol to 8
mmol per liter (1.3 to 2,080 mg) in two liters of fluid. Dose-
limiting toxic effects included pancytopenia and mucositis at
concentrations of 4.5 mmol per liter. Abdominal pain was
also significant and bacterial peritonitis developed in several
patients. Objective antitumor responses were observed in sev-
eral patients with ovarian carcinoma for whom standard che-
motherapy given intravenously had previously failed.28 29 A
major pharmacokinetic advantage for peritoneal cavity drug
exposure was shown (Table 1). In a second study, the NCI
investigators found that total drug delivery of5-fluorouracil to
the liver via the portal circulation following intraperitoneal
therapy was comparable with that achieved following direct
intra-arterial drug administration.14 However, additional

TABLE 1.-Pharmacokinetic Advantage of Intraperitoneal Drug
Administration

Mean Peak
Peritoneal/Plasma

Concentration
Drug Ratio Sources

Cytarabine ..... ... 664 King and Howell30
5-Fluorouracil ........ 298 Speyer et al'4-28
Methotrexate ....... . 92 Howell et a126
Doxorubicin hydrochloride . . 474 Ozols et al3'
Melphalan .............. 93 Pfeifle et a132
Cisplatin .. ... 20 Howell et al20
Mitomycin .. ... 71 Adams et a133

trials will need to be conducted to define the safety and effi-
cacy of the intraperitoneal approach to the treatment of meta-
static disease in the liver. This is particularly important as it is
known that 95% of the blood supply to a large metastatic
lesion in the liver comes from the hepatic artery, with only
5 % being delivered via the portal circulation.34

As previously mentioned, the intracavitary administration
of methotrexate allowed one to examine the utility ofa system-
ically administered neutralizing agent. Investigators at the
NCI delivered increasing dosages of methotrexate intracavi-
tarily, with folinic acid rescue administered as a continuous
infusion from 40 to 56 hours after the initiation of the metho-
trexate infusion.25 While no definite clinical activity was
shown in this trial, toxic reaction was mild and a significant
pharmacokinetic advantage for peritoneal cavity drug expo-
sure was found (Table 1). In a trial conducted at the UCSD
Cancer Center, folinic acid was administered systemically
simultaneously with the intracavitary delivery of methotrex-
ate.26 Toxic effects included mild abdominal pain and myelo-
suppression. Responses were observed in several patients
with advanced refractory malignant tumors. These two clin-
ical trials show contrasting approaches to the use of neutral-
izing agents. In the NCI trial the folinic acid was
administered as a rescue agent following intracavitary drug
delivery. In the UCSD trial the two drugs were given simulta-
neously. This allows for longer exposure ofthe body cavity to
the cytotoxic agent, a major possible therapeutic advantage
for a cell-cycle phase-specific agent such as methotrexate.
Unfortunately, this latter technique runs the risk of neutral-
izing the methotrexate by the diffusion of folinic acid from the
systemic circulation into the treated cavity (Figure 1).

The intraperitoneal administration of doxorubicin has
been examined at the NCI.3' Ten patients with refractory
ovarian carcinoma were treated with doxorubicin at from 10
to 50 mg (9 to 54 .mol) in a two-liter treatment volume. None
of the patients had previously received doxorubicin. There
were five clinical responses including objective evidence of
tumor regression in three patients and decrease in ascites in
two additional patients. A dose-limiting toxic effect was ab-
dominal pain at greater than 40 mg (36 anol) in the two-liter
volume. However, in spite of local toxic reaction limiting the
dose of doxorubicin that could be administered intraperitone-
ally, a significant pharmacokinetic advantage for this route of
drug delivery was shown (Table 1).

The safety and efficacy of the intracavitary delivery of
cisplatin, one of the most active chemotherapeutic agents in
ovarian carcinoma,35 have been examined by several investi-
gators.20 3637 As previously discussed, the simultaneous in-
travenous delivery of sodium thiosulfate administered to pre-
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vent renal insufficiency caused by cisplatin has allowed the
dose ofthis agent to be significantly escalated. Thiosulfate, an
agent used clinically in high doses in humans for cyanide
poisoning, had previously been found in mice to significantly
protect against the nephrotoxicity of cisplatin.38 This agent
presumably combines with and inactivates the reactive site on
cisplatin, neutralizing both its toxic and antitumor effects.

In a clinical trial conducted at the UCSD Cancer Center,
cisplatin was able to be administered at a dose of 270 mg per
m2 (compared with the maximum intravenous dose of 120 mg
per m2) with minimal nephrotoxicity.20 The cisplatin was
administered in a volume oftwo liters with a four-hour dwell,
after which any remaining fluid was removed. Only 7% ofthe
instilled cisplatin could be recovered at the end of the four-
hour dwell period. Myelosuppression was mild in this trial
but cisplatin-induced emesis was substantial. The peak peri-
toneal concentration of free reactive cisplatin averaged 21-
fold higher than plasma levels and the area under the concen-
tration elimination curve averaged 12-fold more than under
the plasma curve. What was perhaps most interesting, how-
ever, was that the area under the concentration curve for the
plasma (at a dose of 270 mg per m2) increased twofold com-
pared with that for cisplatin administered intravenously at a
dose of 100 mg per m2. It is our hypothesis that whereas
sodium thiosulfate does neutralize cisplatin, this reaction is
slow at the concentration of thiosulfate in the plasma, but
proceeds rapidly and completely in the kidney where the thio-
sulfate is concentrated.39 Objective responses were shown in a
number of patients with advanced intra-abdominal malignant
lesions treated on this trial.

As unexpected activity of the intracavitary administration
of cisplatin was found in several patients with malignant me-
sothelioma-a tumor that remains localized to the pleural or
peritoneal cavities for much of its natural history40-a trial of
this form of therapy has been conducted at our center to better
define its efficacy.41 A response rate of about 50% has been
observed that is equal to that reported with intravenous ad-
ministration of doxorubicin, the most active agent in this
disease.42 Cisplatin administered intravenously has a reported
response rate of only 10% in cases of malignant mesothelio-
ma.42

Melphalan has also been examined for intraperitoneal
drug administration.3243 Whereas a pharmacokinetic advan-
tage has been shown for the drug administered by this route
(Table 1) with acceptable local toxic effect, there has been
little clinical activity shown in patients with refractory tu-
mors. However, with the demonstrated ability of this agent to
achieve both high local and systemic concentrations when
administered intraperitoneally, a strong argument can be
made that this is the most rational method by which to deliver
this agent to patients who have ovarian carcinoma.32

Investigators have evaluated the intraperitoneal delivery
of mitomycin to patients who have advanced intra-abdominal
tumors.33'44 Whereas increased peritoneal cavity exposure to
this drug has occurred compared with the plasma and clinical
responses that have been noted, in several patients treated
with this agent a chemical peritonitis developed.

Cytarabine was predicted on the basis of modeling studies
to have a major pharmacokinetic advantage when adminis-
tered intraperitoneally.1 This agent is rapidly inactivated by
deamination in the liver,45 and, as previously mentioned, the

absorption ofcompounds delivered intraperitoneally is princi-
pally through the portal circulation.13 In addition to con-
firming the modeling predictions (Table 1), in a recent clinical
trial both the safety and efficacy of the intraperitoneal admin-
istration of cytarabine in cases of ovarian cancer have been
shown.30 Ten patients with refractory ovarian carcinoma
were treated with 60 Amol cytarabine (30 mg in a two-liter
treatment volume) every six hours by dialysis exchange for
five days. Treatment was repeated every 28 days. Two pa-
tients had complete clinical remissions that have persisted for
longer than one year. Systemic side effects, principally mye-
losuppression, were mild and there was no local toxic reac-
tion noted. Unfortunately, several episodes of bacterial peri-
tonitis developed during the 20 courses of cytarabine
administered during this trial.

Combination Intracavitary Chemotherapy
The superiority of combination chemotherapy over the

administration of single agents in treating malignant disease
has a sound theoretic basis (decreased emergence of resistant
cells)46 47 and has been confirmed clinically. In cases of sev-
eral different types of tumors, combination therapy has been
successful in producing complete responses whereas the use
of single agents has resulted in only partial remissions. A
second possible advantage for the administration of a combi-
nation of drugs during intracavitary chemotherapy is the po-
tential for antitumor synergy among the agents used. For
example, pronounced synergy has been shown in vitro be-
tween cisplatin and cytarabine against Lovo cells (a trans-
plantable colon cancer cell line).4850 With the highest dose of
cytarabine tested, a remarkable 1,600-fold increased cell kill
occurred with this treatment combination compared with the
use of cisplatin alone.

In a recently completed clinical trial at the UCSD Cancer
Center, 31 patients with advanced intra-abdominal malignant
tumors were treated with a combination of cisplatin, cytara-
bine and doxorubicin.5I The toxic effects were acceptable
except for doxorubicin-induced local abdominal pain. Re-
sponses, including considerable decreases in ascites and con-
version of positive peritoneal cytologies to negative, occurred
in 7 of 15 patients with ovarian carcinoma for whom intrave-
nous chemotherapy regimens, including cisplatin, had previ-
ously failed. In a second trial, the dose of cytarabine was
increased to take further advantage of possible concentra-
tion-dependent synergy betwen cisplatin and cytarabine.
Doxorubicin was dropped from the treatment regimen to re-
duce local toxic effects. About 40% of patients with refrac-
tory ovarian carcinoma had objective responses to this
program with significantly less abdominal pain compared
with the previously mentioned three-drug combination. 52

Combination intracavitary chemotherapy has also been
effective in treating malignant pleural disease. Patients treated
with either cisplatin, cytarabine and doxorubicin or cisplatin
and cytarabine have shown dramatic decreases in the rate of
reaccumulation of pleural fluid.53 For several reasons it is
believed the responses in patients treated with these treatment
combinations are not due solely to the induction of sclerosis.
First, none of the patients treated had local pain, a common
and often severe complication of sclerosing therapy. Second,
chest tube drainage was not used as part of the treatment
program, an important component of most sclerosing treat-
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ment regimens. Finally, several responses were observed in
patients ten days to two weeks after therapy was adminis-
tered, with patients initially showing rapid reaccumulation of
fluid. This would suggest that the drugs are not acting directly
on the pleural surfaces but rather on the tumor cells them-
selves, and it is only when the tumor has been killed and
removed that a decrease in fluid reaccumulation will occur.

Conclusion
The field of intracavitary chemotherapy is in its infancy.

Much work remains to be done to define optimal drug combi-
nations and schedules for the various tumors to be treated by
this route of drug administration. In addition, improved
methods of delivery must be developed to assure adequate
drug distribution and reduce the risk of chemical irritation
and bacterial infection. Finally, it will eventually be neces-
sary to show in controlled clinical trials whether the pharma-
cokinetic advantage of intracavitary drug administration can
be translated into improved response rates and survival.
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